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" LATENT MAGNETIC IMAGE TRANSFER
APPARATUS

BACKGROUND OF THE. lNVENTlON

This invention relates to latent magnetlc field copy-
Ing apparatus and.methods. |

One recordmg technique which has been recently
developed is thermomagnetic recording wherein a mas-
ter consisting of a sheet-like base and a layer of magne-
tizable material, 1s held against an original document to
be copied, and an intense light beam 1is directed at
them. The white or clear areas of the original allow
high intensity light to fall on the magnetic material and
raise 1ts temperature beyond the Curie point. The mag-
netic layer has been previously magnetized, and raising
the temperature of certain regions beyond the Curie
point demagnetizes these regions so that the only re-
- maming magnetized regions correspond to the image
‘on the original. The master with a magnetic image
thereon can then be used for printing by applying mag-
netic toner to the surface, with the toner sticking only
to the magnetized regions, and by .then pressing the
master against a sheet of paper to transfer the toner to
the paper. ' -

The development of copymg machines utilizing ther-
mographic recerdlng IS hampered by conflicting re-
qurrements of the Imaging process, in which a magnetic
image is formed on a magnetizable layer, and the print-
ing process, in which toner is picked up and transferred
to a sheet of paper. For example, in order to make
copies from an opaque original document, a reflex
imaging process is utilized in which the master is con-
structed to transmit light. This may be accomplished by
utilizing a transparent base with many fine grooves, and

by utilizing chromium dioxide particles in a plastic

binder that fills the grooves but leaves the spaces be-
tween the grooves unaffected so they can transmit
light. The transparent base and the chromium dioxide
particles and binder may form a poor printing master
for picking up toner and transferring it to sheets of
paper. Also, the speed at which images can be formed
on the master with moderately priced equipment may
be far slewer than the speed at whlch coples can be
prmted |

SUMMARY OF THE INVENTION

In accordance with one embodiment of the inven-
tion, a magnetic image copying machine is provided
which utilizes two magnetic image recordings to en-
hance the printing capabilities of the machine. The
machine includes a first magnetic record medium in the
form of a strip or web. The web includes a base and a
magnetizable layer thereon which are both light trans-
missive, to permit reflex production of a magnetic
image from an original document that is to be copied.
The second record medium is in the form of a drum
with a layer of magnetizable material thereon, and
which is designed to insure good pickup of toner and
transference to sheets of paper to form good copies.
The machine also includes a transfer head which holds
the first, or web record, against the second, or drum
record, while applying an anhysteretic field to them to
form a magnetlc image on the drum correspendmg to
the magnetic image on the web record. |

The second layer of magnetizable material, whlch lies
on the drum, has a lower coercivity but higher rema-
nence than the first layer of magnetizable material on
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the web record medium. The peak magnetic field inten-
sity applied by the transfer head is inbetween the coer-
civities of the two magnetizable materials, so that the
magnetic image on the web is not erased but a magnetic
image is formed on the drum. The fact that the magne-
tizable material on the drum has a high remanence
means that the magnetic strength of the image formed
on the drum can be greater than the magnetic image on
the web.

The web is guided from the imaging station where it
receives an image from the original, to the transfer
station, along a path that includes a storage loop. As a

- result, the web can remain stationary or move only
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slowly at the imaging station and yet at the same time a
portion can move rapidly or remain stationary near the
drum. This permits slow imaging to minimize the 1llu-
mination requirements, without preventing rapid trans-
fer of 1 Images to the drum or the rapid preductlon of
multiple copies by the drum.

The novel features that are considered characteristic
of this invention are set forth with particularity in the
appended claims. The invention will best be under-
stood from the following description when read in con-
nection with the accompanying drawings. o

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified sectional view of a copying
machine constructed in accordance w1th one embodi-
ment of the invention; |

FIG. 2 is a graphical representation of the magnetic
characteristics of the materials on the two records uti-
lized In the machine of FIG. 1 and of the relative
strength of the magnetic field applied during image
transfer between them;

FI1G. 3 is an enlarged partial sectlonal view taken on
the line 3—3 of FIG. 1; |

FIG. 4 is a highly simplified sectional view of a print-
ing machine constructed in accordance with another
embodiment of the invention, wherein the machine is
designed to produce color copies;

FIG. 5§ is a partial sectional view of still another em-
bodiment of the invention, wherein a magnet is utilized
to facilitate the transfer of toner from the printing drum
to a sheet of copy paper;

FIG. 6 is a partial sectional view of still another em-
bodiment of the invention, wherein an electrically
charged electrode 1s utilized to facilitate the transfer of
toner to a sheet of copy paper;

- FIG. 7 1s a simplified perspective view of a line
printer machine constructed in accordance with yet
another embodiment of the invention;

FIG. 8 1s a sectional side view of a portion of the

“machine of FIG. 7; and

FIG. 9 1s a partial perspective view of a portion of the
machine of FIG. 7.

'DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a copying or printing apparatus
which makes copies from an original document 10 onto
sheets of paper 12. The machine includes a first record
medium in the form of a web 14, which is moved by
rollers between a storage chanber 16 and a take up
chamber 18, along a path that includes a station where
the original to be copied is laid on the web. The web
also passes adjacent to a second record medium in the
form of a printing drum 22 which can receive an image
from the web. As the drum rotates, an image thereon
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passes by a toner-applying station 24 where magneti-
cally attracted toner particles are applied to magnetize
regions of the drum surface. The toner-coated drum

portion then moves past a printing station 26 where

copy sheets 12 of paper are pressed against the printing
drum by aroller 28. The sheets then move past a fusing
station 30 where the toner is heated to firmly fuse it on
the paper, and the paper then passes into an output
basket 32. Of course, the copy sheets 12 can be por-
tions of a contmuous roll that may be cut after each
~ copy is ‘made.

- The web 14, which serves as a magnetic record me-
dium, has the form shown in the highly magnified view
of FIG. 3. The web 14 includes a base in the form of a
wide strip 32 of flexible transparent material such as
Mylar, and an interrupted layer 34 of magnetizable
material. A thin protective layer 35 of transparent ma-
terial covers the layer 34. The Mylar strip 32 has nu-
merous fine grooves 36 in one surface thereof, and the
magnetizable material 34 fills the grooves. The magne-
tizable material may be constructed of chromium diox-
ide particles held in a resinous binder. This grooved
arrangement, which is described in U.S. Pat. No.
3,555,557, makes the record medium 14 semi-trans-
parent. Other web constructions can be used; for exam-
ple, a continuous layer of magnetic material on a Mylar
base can be etched to leave a pattern of open spaces
through which light can pass.

A magnetic image 1s formed on the web record me-
dium 14 in the manner shown in FIG. 1 by a lamp 40
whlch directs an intense beam of light through the web
record medium 14 against the original document 10,
while the lamp moves along the length of the original to
direct the light beam at all areas thereof. The web 14
has been previously magnetized by an electromagnet
45 driven by an oscillator power source 47, as the web
was drawn from the storage chamber. If the magnetic
material is structured as described above, a permanent
magnet or direct current magnet can be used. As light
from the lamp passes through the web 14, the light
raises the temperature -of the magnetizable material to
a level just below the Curie point. Light reflecting off
white areas of the original 10 onto the web 14 further
raises the temperature of corresponding regions of the
web above the Curie point, and therefore demagnetizes
those regions of the web. However, dark areas of the
original do not reflect such light and the corresponding
web areas remain magnetized. This web construction
and reflex . imaging method have been previously
known in the art.

The web moves from the i 1mag1ng statlon 46 along a
path that includes a storage loop 48, past a transfer
station 50 where the image on the web is transferred to
the printing drum 22. A transfer head 52 located at the
transfer station includes a roller 5S4 which can press the
web against the surface of the printing drum 22 and an
electromagnet 56 which supplies a varying magnetic
field to the web and printing drum as they lie against
one another, to.effect a magnetic image transfer. The
drum 22 includes a firm supportive base or backing
portion 58 such as a thick cylinder of non-magnetic
metal, and a thin layer 60 of magnetizable material
such as nickel cobalt. A thin protective layer 60 (FIG.
3) covers the nickel cobalt layer. The characteristics of
the two magnetizable materials at 34 and 60 on the web
and drum, are carefully chosen to enable the transfer-
ence of a rnagnetlc image by the application of mag-
netic fields.
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FIG. 2 illustrates the relative intrinsic magnetic char-
acteristics of the magnetic materials utilized in the web
and drum with the characteristics of the chromium
dioxide material utilized on the web indicated at 34a
and the characteristics of the nickel cobalt material
utilized on the printing drum indicated at 60a. In the
graph of FIG. 2, the intercept of the curves 34a and 60a
with the horizontal axis' (i.e. the value of H at B=0)
indicates the field required to switch the direction of
magnetization of the respective material, or in other
words the intrinsic coercivity of the material. The inter-
cept of the vertical axis B indicates the intrinsic rema-
nence of the material, or in other, the magnetic induc-
tion remaining after the application of magnetizing
fields of the intensity H. It can be seen that the chro-
mium dioxide material 34a has a greater coercivity H,
(such as 580 oersteds) but smaller remanence B, (such
as 1000 gauss) than the nickel cobalt material 60a
which has a coercivity H, (such as 400 oersteds) and
remanence B, (such as 10,000 gauss). When the web
14 and drum 22 are pressed together, transference of
the magnetic image onto the drum (but without erasing
the magnetic image on the web) is accomplished by
applying an anhysteretic field of the type indicated by
waveform 70 in FIG. 2, The magnetic field 70, which is
applied at virtually every point of the magnetic materi-
als, has a maximum magnetic field strength H; which is
in between the coercivities H; and H, of the two mag-
netic materials. As a result, the magnetic field 70 is
strong enough to magnetize the nickel cobalt material
60, but is not strong enough to magnetize or demagne-
tize the chromium dioxide material 34. Actually, the
field strength at any point of the drum surface is equal
to the sum of the magnetization supplied by the anhys-
teretic wave 70 and the magnetic image on the web,
and the field remaining on the drum after the applica-

- tion of the anhysteretic field corresponds to the field
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strength on the web. Thus, the anhysteretic field pro-
duces a magnetic image on the drum corresponding to
the magnetic image on the web.

The transference of the magnetic field from the chro-
mium dioxide web layer to the nickel cobalt drum layer
can result in an enhancement of the magnetic image.
This is because the nickel cobalt has a much higher
remanence than the chromium dioxide, and therefore it
can produce a much stronger magnetic field when mag-
netized to saturation. It should be noted that the intrin-
sic properties of the materials described are typically
measured where pole effects are essentially non-
influencing. Because of the fact that in this invention it
is essential to provide a relatively short wave pole struc-
ture (short distance between magnetic poles) to pro-
vide surface fields that will attract toner, internal de-
magnetizing fields are significant. Since these fields are
proportional to induction for a given wave length. The
optimum thickness for maximum surface field will be
thinner for the high intrinsic induction material than
for the lower induction material. Thus, in FIG. 3 the
thickness T, of the chromium dioxide layer 1s more
than twice the thickness T, of the nickel cobalt layer.

The utilization of two different magnetlc record me-
diums 14 and 22 facilitates the copying process. The
web 14 is designed especially to facilitate the imaging
process. Chromium dioxide has a relatively low Curie
point of about 116°C., so that heating of the web to
nearly this temperature can be readily accomplished,
using a base material such as Mylar for the web which

can be readily withstand this temperature. This oxide
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material is also desirable for imaging because it pro-
vides a rough, dull, grey surface that absorbs light. In

6

field applied by magnet 86 must not be great enough to

addition, a binder ¢can be utilized with the chromium

dioxide to keep it in the grooves of the web, even
though such a material may not be desirable in the
actual pickup and printing of toner. On the other hand,
the printing drum can utilize a smooth metallic layer of
magnetizable material such as nickel cobalt which pro-
vides a strong magnetic field and which constitutes a
good printing surface for picking up toner and pressing
it against paper. The nickel cobalt 60 can be estab-
lished without grooves, since the layer on the drum
does not have to be transparent, and the backing 58 for
the nickel cobalt can be rigid and opaque material,
since light does not have to shine through it.
The' utilization of a flexible web 14 with a storage
loop 48 along its path (FIG 1) enables flexible opera-
tion of the machine. The i imaging process Is normally
relatively slow as compared to the speed at which mul-
tiple copies can be printed by the drum 22. Although

~ the lamp 40 can be a very intense type to speed up the

imaging, such lamps generally require large currents
and expensive power supply hookups. A less intense
lamp simplifies the machine, even though it slows the
imaging process. However, since the imaging is sepa-
rated from the printing, imaging can continue at a rela-
tively slow speed while the printing of multiple copies
can proceed more rapidly. Thus, when multiple copies
are to be printed, a control 72 maintains a solenoid 74
deenergized to hold the transfer head 50 away from the
drum 22 while energizing another solenoid 76 that
activates a paper feeder 78. Accordingly, the drum 22
can rotate rapidly so that it rapidly picks up toner and
presses 1t against the sheets of paper 12. When a new
copy is to be printed, the transfer head 52 is moved
down to the position 52a to press the web against the
drum while they both move to transfer an image onto
the drum. The transfer head is then retracted and the
rotating drum can make multiple copies of the new
image. Printing of a copy with an “o0ld’’ image contin-
ues while a “new’ image is being transferred onto a
different part of the drum, so that there is no interrup-
tion in the paper feeding. This can simplify the paper
feed control as well as increasing the throughput rate. If
the imaging of an original 10 onto the web 14 is com-
pleted at a time when the drum 22 is still making multi-
ple copies of a previous image, the portion of the web
14 containing the new image can be moved into the
storage loop 48 so that another original can be copied.
Then, whenever the drum 22 has finished making a run
of multlple copies, the transference of a new lmage
onto the drum can begin immediately.

The transference of toner from the printing drum 22
to a sheet of paper 12 can be enhanced by utilizing a
magnetic field that urges the toner towards the paper,
as in the portion of a printer shown in FIG. 5. In this
embodimet of the invention, a pair of rollers 80, 82 is
provided to hold a sheet of paper 12 against the print-
ing drum 22, and to leave an unobstructed region 84
between the rollers where the paper is held against a
printing drum. A magnet 86 is positioned in this space
84, on a side of the path of the paper 12 opposite the
printing drum 22, to apply a magnetic field that attracts
toner particles. This helps to remove toner particles
from the drum and urge them against the paper.

The magnet 86 can be of high strength to apply a
powerful magnetic field at the surface of the drum 22.
If multiple copies are to be made, then the magnetic
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erase the image on the drum. This means that the mag-
netic field applied by the magnet 86 at the surface of
the drum must not exceed the field strength which
causes a change In magnetization of the magnet mate-
rial on the drum. However, in the case of many magne-
tizable materials which can be utilized on the drum 22,

such as a thin layer of nickel cobalt, the magnetic field
strength which can be applied at the surface of the
drum by magnet 86 can exceed the field strength ap-
plied by the latent magnetic image on the drum without
demagnetizing the drum. Thus, the net magnetic field
can urge particles towards the paper to enhance the
transterence of toner to the paper.

"The transference of toner from the printing drum 22
to a sheet of paper 12 also can be enhanced by the use
of electrostatic fields, as in the portion of a printer
shown in FIG. 6. Here a negative electrode 90 is
charged to a high voltage relative to the surface of the
drum 22 to attach toner to the paper. The fact that the
drum surface layer 60 is a continuous metallic layer
means that the drum surface can be easily maintained

at a uniform potential to enhance the electrostatic

transfer. |

The utilization of magnetic image transference be-
tween a first record medium which forms an image
from the original, to a second record medium which
picks up toner to print the image, facilitates the desngn
of a color copying machine 98 such as that shown in
FIG. 4. The machine 98 includes a web 100 of a con-
struction similar to that of the web 14 in FIG. 1, and
which extends in a continuous loop. At an imaging
station 102, a lamp assembly 104 shines light through
one of three interchangeable color filters 105, such as
a blue filter, and through the web 100 onto a multicolor
original 106 to form a magnetic image on the web. The
web 1s then advanced, another filter such as a red filter,
1s substituted, and another magnetic image is recorded
on the web. This process is repeated for a third time
with still another filter such as a green one. Each of the

three web portions then lies adjacent to a different one

of three printing stations 108, 110, and 112. At each
printing station, a corresponding transfer head 114,
116, 118 moves a corresponding image-bearing portion
of the web against a corresponding drum 120, 122,
124. The transfer heads then apply anhysteretic fields
to form images on the drums which represent the dif-
ferent colors on the original document. The three print-
ing stations 108, 110, 112 include separate toner-
applying mechanisms 126, 128, 130 that respectively
apply magenta, cyan, and yellow toners to their drums.
After the three images have been formed on the three
drums, all three drums are rotated in synchronism by a
chain 132 or the like. A sheet 134 of paper is then fed
successively against the drums 124, 122, 120 to print
images of three different colors on the paper, to
thereby form an image on the paper corresponding to
the colored 1image on the original.

The utiization of magnetic image transference en-
ables the construction of a line printer 148 of the type
shown in FIG. 7 which utilizes a simple imaging head
150 to form characters from which multiple copy
sheets are printed. Signals from a source 152 control
the mmaging head 150 to form magnetic images on a
first strip 154, the images normally representing alpha-
numeric characters such as those shown at 156 and 158
in FIG. 9. The strip 154 moves along a path past a first
transfer station 160 where a line of characters on the
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strip 154 is transferred to a second magnetic strip 162.
This 1s accomplished at the transfer station 160 by a
flash lamp 164 which rapidly heats portions of the
second strip 162 past the Curie point thereof to de-
velop a magnetization corresponding to the magnetic
images on the first strip 154, The first strip has been
previously magnetized by a prerecording head 165.
After a line of characters is thereby formed on the
~ second strip 162, the first strip 154 is advanced by a
distance such as 9 inches to bring a new line of charac-
ters to the transfer station 160, while the second strip
162 1s advanced a small distance such as 1/6th inch so
that the new line of characters can be recorded on a
next line of the second strip. This procedure is contin-
ued until perhaps 60 lines have been printed on the
second strip 162 to fill a length corresponding to the
size of a typical sheet of paper. The second strip 162 is
then advanced to a second transfer station 166 where
the 1image on the second strip 162 is transferred to a
drum 168. The 1image on the drum 168 1s then dusted
with magnetically attractive toner at a toner applying
station 169, and the toner is then applied to sheets 170
of paper to make multiple copies of the image.

The imaging head 150, shown in detail in FIG. 9,
includes a base 172 and eight conductors 174a-174h
‘that each extend in a narrow loop around an edge of
the base. Seven of the conductors 174a-174¢ are uti-
- lized to form small magnetized areas on the strip 154 in
the manner of a dot printer, to form characters. The

other conductor 1744 is utilized to form timing and
control magnetic markings 176 along the strip. Of

course, current passing through any of the conductors
such as 174g produces a magnetic field with closely
spaced poles for magnetizing the strip. The magnetic
poles 1591, 159s of any spot such as spot 159, are
spaced apart in a direction transverse to the length and
direction of movement of the strip 154. This 1s desir-
able because the subsequent anhysteretic transfer of
the image spot to the drum 168 will be accomplished
with magnetic poles of the same orientation, so that the
magnetizations can more definitely add and subtract.
The strip 154 includes a flexible base 78 of a material
such as Mylar, and a layer 180 of magnetizable material
such as iron oxide particles held in a resinous binder.

As shown in FIG. 7, the first strip 154 is guided along
‘a reentrant path by several rollers 182. The path in-
cludes a storage loop portion 184. This arrangement
enables the head 150 to record asynchronously-
received information onto the strip 154 at a high speed
without requiring transference to the second strip 162
at a corresponding speed. As print signals are delivered
to the head 150, to form localized magnetizations on
the first strip, signals are also delivered to a motor 186
which turns a roller 188 to advance the first strip past
the imaging head 150 and into the storage loop 184. In
a similar manner, whenever it is desired to transter the
image on a length of the first strip 154 onto a line of the
second strip 162, another motor 190 is energized to
turn a roller 192 that advances the first strip past the
transfer station 160 to bring a new portion of the first
strip into position.

The first transfer station 160, which is shown in some
detail in FIG. 8, includes a pair of platens 194, 196. The
upper platen 194 is attached at the end of an arm 198
pivotable at an axis 200 to enable up and down move-
ment. A solenoid 202 can move down the arm and
therefore clamp the platens together. The lower platen
196 is a glass plate to enable light from the lamp 164 to
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8

pass therethrough and heat the second strip 162, A
mask 204 on the lower platen 196 serves to limit the
width of the line on the second strip 162 which 1s
heated by the flash lamp. This prevents recording of
timing marks 176 along the lower edge of the first strip
154, and also prevents erasure of a previously recorded
line on the second strip. The second strip 162 may be
constructed of a layer of Mylar with a layer of magne-
tizable material such as chromium dioxide which can
be readily heated to its Curie point by a flash lamp, and
which has a Curie point below that of the iron oxide on
the first strip 154. |

The printing machine includes a form strip 206 which
1s utilized at the first transfer station 160 to record the
image of a form on the second strip 162 at the same
time as the line of characters on the first strip 154 is
recorded onto the second strip. The form strip 206
may, for example, include column and row lines and a
heading or other descriptive material. When light from
lamp 164 i1s directed through the form strip 206,
opaque markings on the form block the light so that
corresponding areas of the second strip 162 are not
heated past the Curie temperature and therefore these
regions of the second strip retain the magnetization
previously induced by prerecord head 165. Of course,
it 1s necessary that the form strip 206 be accurately
advanced past the transfer station 160, and this is ac-
complished by providing sprocket holes 208 in the

form strip that are engaged by sprocketed rollers 210,
212 that are turned by a motor (not shown). The form
strip 206 can be easily removed and a new form strip

replaced on the rollers in order to change the format of
the printout. The use of a form strip 206 generally
eliminates the need for preprinted form paper on which
computer printouts are often made, thereby providing
a savings for the user.

The second strip 162 1s guided along a reentrant path
by a group of rollers 214. One of the rollers 214 which
lies opposite a pressure roll 216 is driven by a motor
218 to control advancement of the second strip 162
from the transfer station 160 into a storage loop 220.
Any anhysteretic transfer head 222 at the second trans-
fer station 166 can press the second strip 162 against
the drum 168, so that as the drum rotates it pulls the
second strip 162 out of the storage loop 220 thereof. Of
course, the copy material at 170 on which copies are
made can be fed from a roll, and the roll material may
be cut into sheets where individual copy sheets of ordi-
nary size are desired, or the roll can be left intact where
a long sheet or strip may be utilized which may be many
feet long as 1s often the case in computer printout.

The line printer and duplicating machine of FIG. 7
has the advantage that it can receive and print asyn-
chronous data utilizing a single character printing de-
vice or head, or only a few character printing heads
where several lines are printed on the first strip 154.
This can be accomplished in a device that can then
print muitiple copies at high speed, utilizing a drum
with a continuous metal surface layer such as nickel
cobalt, for assuring good printing quality. In addition,
the machine enables the automatic simultaneous gener-
ator of form outlines as the lines of characters are im-
aged onto the second strip or record medium 162. The
transfer of images onto the second record medium is
accomplished by utilizing an optical image (of the form
strip 206) to selectively erase the premagnetized pat-
tern established by magnet 165) by treating the se-
lected areas above the Curie point and by utilizing a
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magnetic image (of the first strip 154) to remagnetize
the second strip as it cools back down below the Curie
point.

‘Thus, the invention prowdes a magnetic imaging
system which separates the image process, by which a
~-magnetic image is formed corresponding to the origi-
nal, from subsequent processes such as the printing of
paper with images corresponding to the original. This is
accomphshed by utilizing the transference of a mag-
netic image from a first record medium, such as a flexi-
ble web constructed to be transparent and with magne-
tizable material such as chromium dioxide which can
be readily heated near the Curie point, to a drum con-
taining a layer of high remanence magnetic material
such as nickel cobalt backed by a stiff drum portion to
permit good printing. The transference enables the
utilization of highly retentive material on the drum

10

15

such as nickel cobalt which may not be entirely suitable

for use during the imaging process, but which can form
- a better printing surface and which can have a higher
remanence so as to produce an even more intense mag-
netic image than was orlgmally produced on the web.
The separation of the i 1magmg process from the printing
process also enables 1 1magmg and printing to proceed at
different speeds, which is especially useful where multi-
ple coples are to be produced, so that relatwely slow
imaging does not affect the speed at Wthh coples can
be made.

Although particular embodiments of the mvention
‘have been described and illustrated herem it IS recog-
nized that modifications and variations may readlly
occur to those skilled in the art and consequently, it is
intended that the claims be interpreted to cover such
modifications and equivalents. |

- Thé embodiments of the invention of which an exclu-
sive property or prmlege is claimed are defined as
follows:

1. Printing apparatus compnsmg -

a first record medium including a base of light-trans-

mitting material and a first layer of first magnetiz-
able material lying on said base, said layer arranged
in multiple narrow spaced regions to allow light to
‘pass therethrough; |

means for holding an original on one Slde of said

record medium;

light producing means dlsposed on a side of said

- record medium opposite said holding means;

a printing drum including a rigid cylinder and a sec-

~ond layer of second magnetizable matenal dis-

posed on the surface of said drum;
means for pressing said record medium towards said
printing drum; | |

anhysteretic means for applymg a.varying magnetlc
field to said record medium and drum as they are
pressed together;

means for applying magnetlc toner to said printing

drum; and

means for pressing sheets of copy paper aga:nst said

printing drum.

2. The apparatus described in claim 1 wherein:

said second layer of magnetizable material has a

lower coercivity, higher remanence, and smaller

- thickness than said first layer.

3. A method for making a copy from an image-bear-
ing original comprising:

maintaining a light-transmitting record medium con-

taining a layer of first magnetizable material, adja-
cent to said copy;
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applying a magnetic field to said record medium;

projecting light through said record medium and

-against said original to provide additional heat at
regions of said record medium corresponding to
the 1mage on said original, to heat said regions

- above the Curie pomt of sald magnetizable mate-
rial;

pressing said record medium against a drum contain-

Ing a layer of magnetizable material having a coer-
civity which is less than the coercivity' of said first
magnetizable material;, | |

applying a varying magnetic field of an intensity be-
tween the coercivities of said magnetizable materi-

- als, to said record medium and drum as they are
-pressed together;

applying magnetically attractive toner to said drum;
and

Itransferrmg toner from sald drum to copy paper.

4. The method described in claim 3 wherein:

sald light-transmitting record medium is in the form
of a flexible elongated strip that extends continu-
Ously from a position adjacent to said original to a
position adjacent to said drum; and including

moving portions of said strip from a position adjacent
to said original to a position adjacent to said drum
along a path that includes a storage loop portion,
and moving some portions of said strip into said
storage loop at different times than some portions
of said strip are moved out of sald storage loop to
said printing drum.

S. Printing apparatus comprising;

a first record medium which includes a base having a
layer of magnetizable material thereon;

means for forming a magnetlc image on said first
record medium,; -

a second record medium which includes a supportive
base and a layer of magnetizable material thereon;

holding means for holding said first and second re-
cord media against one another; |

image transfer means for forming a magnetic image
on said second record medium corresponding to
the 1image on said first record medium;

means for applying magnetically attractive toner to
-said second record medium; and

means for transferring the toner on said second re-
~cord medium to a copy sheet;

said means forming an image on said first record

- medium including means for directing light on said
first record medium; and |

said layer of magnetizable material on said first re-
cord medium having a dull surface to absorb light,
while said layer of magnetizable material on said
second record medium has a smooth metallic sur-
face to provide good printing.

6. Printing apparatus comprising:

a first record medium which includes a base having a
layer of magnetizable material thereon which ex-

- tends substantially continuously over the base so it
1s devoid of gaps and depressions of a size that
would be noticed by the human eye;

- recording means for forming a magnetic image on

- said first record medium, including means for hold-
Ing a document and means for directing light onto
sald document and from said document to said first
record medium;

a second record medium which includes a supportive
base and a layer of magnetizable material thereon;
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holding means for holding said first and second re-

cord media against one another:

Image transfer means for applying a variable mag-
netic field to said second record medium while it lies
against said first record medium, to form a magnetic
1mage on said second record medium corresponding to
the image on said first record medium:

means for applying magnetically attractive toner to

- said second record medium; and

means for transferring the toner on said second re-

cord medium to a copy sheet.

‘1. Printing apparatus comprising:

a first record medium which includes a base having a

layer of magnetizable material thereon:

means for forming a magnetic lmage on said first

record medium,; .
a second record medium which includes a supportive
base and a layer of magnetizable material thereon:
holdlng means for holding said first and second re-
cord media against one another;
1mage transfer means for applying a variable mag-
netic field to said second record medium while it
lies against said first record medium, to form a
~ magnetic image on said second record medium

- corresponding to the image on said first record

medium; _

means for applying magnetically attractive toner to

- said second record medium; and

means for transferring the toner on said second re-

~cord medium to a copy sheet;
said layer of magnetizable material on said first re-
cord medium having a dull surface, while said layer

~of magnetizable material on said second record
medium has a smooth metallic surface to provide
good printing. -

8. Printing apparatus comprtsmg

a first record medium which includes a base having a

layer of chromium dioxide thereon;

means for forming a magnetic -image on sald first

record medium;

a second record medium which includes a supportive

‘base and a layer of nickel cobalt thereon;

holding means for holding said first and second re-

cord media against one another;

image transfer means for applying a variable mag-

netic field to said second record medium while it
lies against said first record medium, to form .a

magnetic 1mage on said second record medium

corresponding to the image on said first record
“medium; |

means for applying magnetically attractive toner to
said second record medium; and

means for transferring the toner on said second re-
cord medium to a copy sheet.

9. Printing apparatus comprising:
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a first record medium which includes an elongated
flexible strip having a layer of magnetizable mate-
r1al thereon;

means for formmg a magnetic image on said first
record medium,;

a second record medium which includes a rigid drum
and a layer of magnetizable material thereon;

holding means for holding said first and second re-
cord media against one another;

image transfer means for applying a variable mag-
netic field to said second record medium while it
lies against said first record medium, to form a
magnetic image on said second record medium
corresponding to the image on said first record
medium; -

means for applying magnetically attractive toner to
said second record medium,;

means for transferring the toner on said second re-
cord medium to a copy sheet; and

means for guiding said flexible strip along a predeter-
mined path adjacent to said drum, said path includ-
ing a buffer loop of variable size, whereby to enable
forming of an image on said first record medium at
a different speed than the transfer of the image to
said second record medium.

10. Printing apparatus comprising:

a first record medium which includes a base having a
layer of magnetizable material thereon;

means for forming a magnetic image on said first
record medium; |

a second record medium which includes a supportive
base and a layer of magnetizable material thereon:

holding means for holding said first and second re-
cord media against one another;

image transfer means for applying a variable mag-
netic field to said second record medium while it
lies against said first record medium, to form a
magnetic image on said second record medium

corresponding to the image on sald first record
medium;

means for applying magnetically attractive toner to
said second record medium; and

means for transferring the toner on said second re-
cord medium to a copy sheet;

‘said means for transferring the toner to a copy sheet

Including means for pressing a copy sheet agamst
sald second record medium and a magnet posi-
tioned on a side of the sheet opposite the second
record medium and near the location where the
sheet 1s pressed against the second record medium,
sald magnet producing a magnetic field less than
the coercivity of said second record medium but
greater than the surface fields produced by said
second record medium, whereby to produce a net
magnetic force on said toner partlcles urgmg them
to transfer to the paper without erasing the image

on said second record medium.
E - S . % b
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